Background-In an earlier study of gold miners men with silicosis were found to have abnormal lung function, including airflow obstruction and reduced diffusing capacity. In a follow up study a sample of these men was examined by computed tomography to determine whether emphysema accounted for these abnormalities, which are associated with silicosis in this working population. Methods-A sample of 70 men from a cohort of older gold miners with and without silicosis who had worked underground for a mean period of 29 years was examined by computed tomography to determine whether each man had emphysema. In addition, each man had lung function tests and routine chest radiography (125 kV). Results-A total of 48 men had emphysema on examination by computed tomography. On the basis of the results in a chest radiograph 55 of the men had silicosis. Emphysema was related to sil;-cosis, being present in five of the 15 men without silicosis and in 43 of the 55 with silicosis. Diffuse emphysema was apparent in two men without silicosis (14%) and in 25 men with silicosis (45%). The proportion of men with diffuse emphysema increased from 14% in those with International Labour Organisation category 0 nodule profusion to 46% in those with category 1, 48% in those with category 2, and 67% in those with category 3. Emphysema was also related to smog: eight of the 18 who had never smoked and 40 of the 52 smokers had emphysema. All of those who had never smoked and had emphysema had silicosis with category 212 or greater nodule profusion. Lung function tests showed changes associated with silicosis that could be explained by the associated emphysema. Conclusions-In this population emphysema occurred in association with silicosis and accounted for the abnormalities in lung fimction associated with silicosis. (Thorax 1993;48:746-749) In a working population of gold miners silicosis was associated with abnormal lung function after the effects of dust exposure and smoking were controlled for.' Koskinen has reported similar findings in subjects with silicosis,2 but in other studies little or no abnormal lung function has been attributed to chronic, simple silicosis.3 4 An association between chronic silicosis and emphysema might explain these changes in lung function. Results are conflicting on the association between emphysema and uncomplicated silicosis.5 6 Computed tomography of the lungs has been used to evaluate pneumoconiosis and emphysema in men who have been occupationally exposed to dust containing silica.7 The purpose of this study was to examine a group of older gold miners for emphysema and to determine the sensitivity of computed tomography in detecting silicosis.
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Methods
The men who were studied were members of a cohort of older gold miners with and without silicosis who were participating in a follow up evaluation four to five years after their entry to the cohort and initial evaluation. The men who were examined by computed tomography of the chest were randomly selected from those who attended for interview, lung function tests, and chest radiography. The selection was determined by sending the first three of the 10 men examined each day for computed tomography. The order in which the men were examined was not determined by any personal or occupational characteristics. The investigator who interviewed each man and performed the lung function tests did not determine the order in which the men were examined and had no knowledge of the radiological status of each subject. The radiologists who examined the computed tomograms had no access to the chest radiographs or to any other data on the subjects other than the knowledge that they were part of the study cohort The reading of the chest radiograph according to International Labour Organisation guidelines" defined nodule profusion for the study. Silicosis was defined as nodule profusion greater than 0/1 on the standard 125 kV posteroanterior chest film.
The lung computed tomograms were produced by a Siemens Somotom DR-G CT scanner with the subjects supine. From an anteroposterior topogram six evenly spaced tomographic slices (2 mm thick) were obtained during full inspiration. The first slice was obtained at the lung apices and the last immediately above the domes of the diaphragm. Thus two tomographic slices 2 mm wide were obtained through each of the upper, middle, and lower zones of the lungs. A scan time of 3 seconds was used to minimise movement artefact. The images were obtained at 125 kV and 230 mas. All images were stored on floppy disks for subsequent evaluation at the console using a window width of 1000 and a window centre of -700.
Computed tomographic readings for small nodules were classified into four categories: category 0 when no nodules were seen, category 1 when a few nodules were seen, category 3 when innumerable nodules were seen, and category 2 when an intermediate number of nodules was seen. For the purpose of designating a nodule category the lungs were divided into upper, middle, and lower zones and right and left sides, giving six zones. The category of profusion was determined by the overall distribution in the manner suggested by the International Labour Organisation" for the reading of plain chest radiographs.
Computed tomographic findings for emphysema were based on techniques and criteria that have been validated.'2-'4 Emphysema was considered to be present when areas of abnormally low attenuation were identified as determined visually or where obvious bullae were detected at examination. All six slices were assessed for emphysematous change, which was then graded according to the percentage of the overall area affected. When no emphysematous changes were noted the subject was classified as having grade 0 emphysema. Grade 1 emphysema was recorded when emphysema was present but affected less than 25% of the lung, grade 2 when emphysema affected 25%-50%, grade 3 when 50%-75%, and grade 4 when more than 75% of the lung was affected. Emphysema was also categorised as being diffuse or focal.
The data were analysed by univariate In six cases the computed tomograms had not been stored on a floppy disk and the hard copies of these scans were examined with a magnifying glass. The category of nodule profusion by computed tomography agreed with that from the chest radiograph in 37 of the 70 subjects, was higher in three, and lower in 30 of the subjects. Table 1 shows the comparison between the computed tomographic findings and chest radiology of nodule profusion.
By computed tomography emphysema was judged to be present in 48 men. In 38 the emphysema affected less than 25% of the lung and in 10 more than 25% but less than 50% of the lung. No subject had emphysema affecting more than 50% of the lung. The presence of emphysema was associated with Cowie, Hay, Thomas The reading of the radiographs and computed tomograms were in agreement in 37 of the 70 subjects (53%) (Tau b = 0-523, ASE 0-081, Spearman correlation 0-582, ASE 0-087). The computed tomographic readings for nodule profusion were lower than the radiological readings in 30 subjects and higher in three. 
There was no significant difference in the duration of exposure to the underground environment in the men with emphysema (29-6 (7-89) years) and those without emphysema (29-6 (7-71) years).
The presence of silicosis was associated with reductions in the forced expiratory volume in one second (FEVy) (p < 0 05), FEVI/forced vital capacity (FVC) (p < 0 05), maximal mid-expiratory flow rate (MMEF) (p < 0-005), and single breath lung carbon monoxide transfer factor (TLCO) (p < 0.05).
After smoking and duration of work underground was controlled for, silicosis retained a significant association with reductions of FEV,/FVC and MMEF. However, after the presence and grade of emphysema was controlled for no association between lung function and silicosis remained. The presence of emphysema was associated with reductions in FEV, (p < 0-0001), FEVI/FVC (p < 0-001), MMEF (p < 0.001) and TLCO (p < 0.01) after silicosis, years worked underground, and smoking were controlled for. Table 2 shows the data on lung function, exposure to dust, and smoking.
Discussion
In an earlier study of the same population of men working underground in gold mines a relation between the presence and degree of simple, chronic silicosis and airflow limitation was noted.' This finding persisted after smoking and the duration of exposure to the underground working environment were controlled for, both factors having been associated with airflow limitation. In our current study a random sample of the cohort formed by participation in the initial cross sectional study was examined by lung computed tomography. We found an association between silicosis and emphysema and that the lung dysfunction associated with silicosis seems to be caused by the associated emphysema. Other investigators have shown no significant association between silicosis and emphysema,59 but a recent post mortem study of South African gold miners showed an association between silicosis and emphysema. No lung function data were presented in that study, but in an earlier study of lung function and chest radiography in the same population of gold miners no lung dysfunction was attributable to silicosis after exposure to dust was controlled for.' We previously alluded to differences between the white gold miners in that study and the black gold miners in our study and suggested that this might reflect differences in intensity of exposure between those who supervise and those who work in this labour intensive industry. ' The evaluation of silicosis by computed tomography seemed to be less sensitive than that by conventional chest radiology. This has been noted by others7 and is particularly true for thin section computed tomography,'7 as might be expected if one considers the bulk of lung included in a chest radiograph compared with that in a single cut on thin section computed tomography. A contrary finding in a recent paper is difficult to explain: also difficult to explain was the apparently better lung function (significant for MMEF) of the subjects in that study with silicosis than those without silicosis on thin section CT. 18 In that respect their findings differ from ours and from those of an earlier study by their group.'9 This might indicate that the subjects and their disorder in their later study differ from the subjects and silicosis in our study.
In our current study the computed tomographic assessments had a low agreement with radiological results in determining the presence of silicosis. Computed tomography failed to identify silicotic nodules in nine of the 55 men considered to have silicosis in a radiograph and identified nodules in two of the 15 men with no silicosis in a chest radiograph.
We were not able to determine whether silicosis causes emphysema or whether both have a similar origin from exposure to the underground mine environment, including respirable particles of dust containing silica. In these men, however, silicosis is a marker, visible on conventional radiography, for emphysema and for lung dysfunction in excess of that found in men from the same working environment who do not have silicosis. 
